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INTRODUCTION

The purpose of this study was to examine the effects of wildfire on
Stream communities and their habitats in the Frank Church River of No Return
Wilderness, for use in resource management. The study involved streams in the
Big Creek and Middle Fork Salmon River drainages. Research in the Big Creek
drainage focused on streams in which 50% or more of their watersheds burned in
~he 1988 Golden Fire. 1In particular, the ecological attributes of Cliff,
Cougar, Goat, and Dunce Creeks .ere surveyed in 1990 and compared with resultsg
obtained from Cliff Creek in 1988 (both before and after fire) and 1989 In
addition, several unburned reference streams within the Big Creek drainage
were surveyed to provide comparisons with the burned sites. Further, the
ecological attributes of Doe Creek, which burned in 1939, were examined to
determine conditions after 50 years of recovery.

Research on Middle Fork tributaries in 1990 focused on streams in
watersheds which burned in the 1388 Battle Axe Fire, for which we have several
vears of prefire data. These were Teapot, Pungo, and Fast Fork Indian Creeks.
The same variables were measured in these streams as for the streams in the
Big Creek area.

METHODS

Methods used for the three studies described in this report are summarized
in Table 1. These are relatively routine in stream ecology and are described
in detail in standard reference sourcesg (Weber 1973, Greeson et al. 1977, Lind
1979, Mer =t and Cummins 1984, APHA 1990) or in more specific references
listed in .able 1. Methods for sampling macroinvertebrates are described in
Platts et al. (1983). Procedures for sample analysis also are described in
Table 1. Macroinvertebrates were examined in terms of total numbers, total
biomass, species richness, Simpson's Index, and Shannon's Diversity (H'). 1In
addition, the top ten taxa by relative abundance were examined for all three
studies,

Big Creek Study - July 1990

One objective of the this investigation was to compare conditions in
streams impacted by the Golden Fire of September 1988 to those in reference
streams (i.e. streams within the same drainage basin, of comparable size and
aspect, not impacted by this fire)(Figure 1). Four streams -ere selected for
study which flowed within the fire perimeter: Goat, Dunce, ugar, and Cliff
Creeks. Two reference sites were located on Cave Creek. One was located
about 100 m upstream of the mouth, and the other was located on West Fork Cave
Creek about 100 m upstream of the onfluence with East Fork Cave Creek. Two
other potential reference sites we ‘e located on Pioneer Creek, but since they
drained north-facing slopes unlike all of the other streams, the data has not
been processed and is not included in this report. An additional study site
was located on Doe Creek whose watershed burned in 1939,
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Cliff Creek Temporal Study

We completed a temporal study on Cliff Creek, a tributary of Big Creek,
with samples collected in July 1988 (prefire samples), and November 1988, July
1989, and July 1990 (postfire samples). All samples were collected from the
same study reach along Cliff Creek. The study section was located just
upstream of the (upper) Big Creek trail crossing and about 200 m upstream of
the stream mouth. We felt it important that postfire samples be collected in

the same proximity to prefire samples although this location was not within
the actual fire perimeter.

Mortar Creek Study

The Battle Axe fire of 1988 provided the opportunity to analyze prefire
and postfire benthic samples from the same stream. The Battle Axe fire burned
the watersheds of Indian, Pungo, and Teapot Creeks. These streams had acted
as reference sites to streams impacted by the Mortar Creek fire of 1979, thus
providing both prefire and postfire data. Because of the remote location of
chese sites, we also took the opportunity to collect benthic sarples from
other studyv streams used for the Mortar Creek fire study, and have included
data from Little and Little Loon Creeks in the present reporct,

RESULTS

Big Creek Study - July 1990

Chemical and Physical Measurements: Comparisons were made among four burn
streams (Goat, Dunce, Cougar, and Cliff Creeks), two reference streams (West
Fork Cave Creek, and Main Cave Creek at the mouth), and Doe Creek (a watershed
impacted by fire in 1939. Baseflow disch%rge ranged from 0.01-0.32 m3/s among
the buyn streams; it was 0.01 and 0.31 m /s for the reference streams and
0.02 m”/s for Doe Creek (Table 2). 1lonic concentrations were highest at WF
Cave and lowest at Main Cave Creek (Table 2). Overall, concentrations at Goat
and Dunce Creeks compared most closely with those of WF Cave Creek, while
values at Cougar, Cliff, and Doe Creeks were close to, but somewhat higher,
than those of Main Cave Creek. The pH ranged from 8.1 to 8.5 in the burn
streams, compared to 7.9 and 8.0 for the reference sites. The burn sites
tended to have higher stream temperatures (around 11 °C) than the reference
site of WF Cave (at 9.0 °C). while the Main Cave Creek site displayed the
highest stream temperature at 15.0 °C (Table 2). The higher temperature at
the Main Cave Creek site is not surprising because this stream flows for about
5 km through a long broad valley, with a relatively open canopy, upstream of
the sample site.

No major differences were observed in channel morphology (using the ratio
of high/low channel cross-sectional area) among burn and reference streams,
although Doe Creek displayed the highest H/L ratio value (Table 3). This
higher H/L ratio value may reflect the heavy riparian growth along Doe Creek



0°0T gL T°8 0°69 0°16 00 NaNdg dX 06 d0d
0°GT 6€ 6° L o°"v? o°ve TI€°0 JONAYTJIIT dAVO HIK
0°6 LLT 0°8 0°T9T 0°VvET T10°0 AONTITIIA AAYD M
g ¢l T9 Z°8 0°99 0°6G6¢ ce’0 Nand A41T10
0°'TIT oL G°8 0°1TL 0°9% TIT°0 NANg JAYONO0D
9°21 6CT £€°8 0°00T 0°9L 200 Nand dJoONNd
s 21 6€T1 0°0TT 0°98 T0°0 NaIng LYOD
(0 (soyun) (cooep 1/bw) (goped T1/bw) (s/g.uw)
dRdw HAONVYILONUNOD nd SSANQAYH ALINITUNIVY 0 ddAL WVHALS
o2I4103dS TYLOL
‘0661 A(nr ‘sbeuteap 3931D bTd 3yl Ul sueaals adDUaI93Iaa
pue uang Io3j aanjeiadwsl pue ‘ejep mol3 ‘Aixjzstwsyo I8jeM -z dT]qEL



Table 3.

Physical data for burn and reference streams in the Big Creek

drainage, July 1990.

AREA SUBSTRATE SUBSTRATE

STREAM TYPE H/L LENGTH EMBEDDEDNESS
MEAN STD cv MEAN STD cv
GOAT BURN 1.48 9.7 16.6 1.72 74.8 36.5 0.49
DUNCE BURN 1.73 21.3 29.3 1.40 63.0 37.0 0.59
COUGAR BURN 1.58 21.6 13.3 0.62 21.2 26.6 1.28
CLIFF BURN 1.30 25.3 18.7 0.74 32.5 33.3 1.02
WF CAVE REFERENCE 1.51 4.1 4.7 1.12 44.8 44.3 0.99
MTH CAVE REFERENCE 1.3% 18.8 12.2 0.65 17.5 27.5 1.87
DOE 50 YR BURN 2.12 14.7 14.8 1.00 20.0 28.7 1.44




causing subsurface flow at many locations. Some differences are evident in
mean substrate size and the coefficient of variation (CV) of substrate size
among the study streams, with the smaller streams having smaller substrate
sizes and greater CV's. For example, the mean substrate size of Goat Creek
was comparable to WF Cave Creek, and mean substrate size in both was mark-dly
smaller (>2X) than the remaining sites. In addition, substrate CV's of o
and Dunce Creeks were comparable to WF Cave Creek, while substrate CV's
Cougar and Cliff Creeks were comparable to the CV value at Main Cave Cre
(Table 3). The latter sites displayed about half the variability of the
former in substrate composition. Doe Creek had values of mean substrate size
and substrate CV intermediate between the two groups. Further, the pattern of
response for substratum CV's matched that for water chemistry.

Mean embeddedness (as %) was substantially greater in the burn streams
than in the simil -ly-sized reference stream. For example, embeddedness
values at Goat ana Dunce Creeks were most similar, although higher, to WF Cave
Creek. Further, embeddedness values at Cougar and Cliff Creeks were most
similar, although somewhat higher, to Main Cave Creek. The former (smaller)
streams had embeddedness values 2-3X greater than the lacter (larger) streams.
Doe Creek (:he 50 year burn site) had embeddedness values more similar to the
same size reference stream than to the same size burn streams (Table 3).
Embeddedness values at Doe Creek were most similar to values at the larger
size Cougar, Cliff, and Main Cave Creeks. Embeddedness CV's followed this
same trend, but were lowest in the most embedded streams and highest in the
least embedded streams.

Periphytic and Benthic Organic Matter: Periphyton chlorophyll a levels were
lower in all burn sites than in reference sites except for Goat Creek (Figure
2). Doe Creek displayed chlorophyll a values comparable to values found in
reference sites. The AFDM of periphyton indicated similar values between
small burn streams and the respective reference stream, and lower AFDM values
for the larger burn sites relative to the reference stream. The periphyton
AFDM values at Doe Creek were comparable to the reference sites. The B/C
index, an index of relative autotrophy (APHA 1989), was substantially greater
in Dunce and Cougar Creeks {(burn sites;), than other study sites and may
reflect the relative burn intensity at these sites in creating a more open
canopy (Figure 2). The B/C ratio at Doe Creek was similar to values found at
the reference sites, while Goat and Cliff Creeks showed lower B/C ratio values
and may reflect greater riparian cover at these sites.

"he mean guantity of benthic organic matter was greater in Goat Creek
(abc .t 16 g/m“) than any other stream site (all less than 7 g/m )(Figure 3).
In fact, all other study sites had essentially the same amount of organic
matter present The % charcoal of this organic matter folls wed the same
pattern, with « at Creek having a substantially greater charcoal content
(about 40% cha:coal) than the other study sites (Figure 3). The other study
streams all displayed low levels of % charcoal with values usually being less
thar 20s%.

Macroinvertebrate Community Analysis: Average total biomass of
macroinvertebrates was about 2X gre§Cer in the reference streams than in the
burn streams, being about 1000 mg/m“ in the reference streams (Figure 4). Doe
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Creek displayed mean biomass values similar to those found in the 2-year burn
streams. As with mean biomass, the average abundance of macroinvertebrates
was substantially greater in the reference sites compared to the 2-year burn
streams, except for Cliff Creek (Figure 4). Doe Creek had abundance values
similar to those found in Cliff and WF Cave Creeks.

Macroinverctebrate species richness was lower in all of the 2-year burn
sites, except Cliff Creek, compared to the reference sites (Figure 4). CLliff
and Doe Creeks displayed richness values comparable to those found in Main
Cave Creek. No marked differences were observed in Simpson's Index (an index
of dominance) among the stream sites, although Dunce Creek showed the highest
value (Figure 4). The relatively low Simpson's Index values displayved at all
sites indicates a high degree of taxa evenness within a site.

Macroinvertebrate Taxa Analysis: The ten most abundant taxa comprised over
80% of the community assemblage at a site (Table 4). There were five taxa
common to all sites: Chironomidae, the elmid Heterlimnius, Oligochaeta,
Ostracoda, and the plecopteran Suwallia. The Hydracarina, a predatory mite,
was rare in all burn sites except Goat Creek, but was present in the top ten
taxa in the reference sites and Doe Creek comprising 1.5-7 % of the
assemblage. Another predator, Ryacophila vespula was found in Doe Creek and
WF Cave Creek, but was not observed in burn streams (Table 4). The dipteran,
Ceratopogonidae, was present in smaller burn sites, comprising 12.3% in Dunce
Creek. Ceratopogonidae was absent from the top ten taxa in the reference
sites and in Doe Creek. The highly mobile mayfly, Baetis, was .ost abundant
in burn sites, comprising over 15% of the assemblage in Cougar and Cliff
Creeks. Baetis was found in Main Cave Creek, comprising less than 6% of the
macroinvertebrate assemblage, while being rare in WF Cave and Doe Creeks.
This suggests that the high chlorophyll a level .t Main Cave Creek may be due
to reduced grazing pressure by Baetis. Blackflies, Simulium, constituted 3-6%
of total abundance in all burn streams, except Cougar Creek, and were
relatively more abundant in the burn streams than in reference streams (Table
4). Simulium are filter feeders, and their increased abundance in the burn
streams may indicate higher levels or quality of microseston. Mean abundance
and biomass of individual taxa for each stream studied are found in Appendices
1 and 2, respectively.

Cliff Creek Temporal Analysis - 1988, 1989, 1990

Peri-hytic and Benthic Organic Matter: Periphyton samples were collected in
pre. re 1988 and postfire 1990 only. There was no difference in chlorophyll a
leve .s between 1988 and 1990 (Figure 5). The ash-free-dry-mass (AFDM) of
periphyton was about 2X higher in 1988 than in 1990, although the standard
deviation in 1988 made this result nonsignificant from the 1990 result. The
mean AFDM prefire value for 1988 in Cliff Creek also was less than reference

L vels found at Cave Creek in 1990 (see Figure 2).

The average quantity of benthic organic matter (BOM) was lower in 1989
than in 1988 or 1990 (Figure 6). The % charcoal of the BOM tended to increase
from 1988 to 1990, increasing from about 10% in 1988 to over 20% in 1990.
These data suggest that charcoal is being transported from upstream sources

11



Table 4. Absolute and relative macroinvertebrate abundance (#/m2) of top ten taxa
for burn and reference streams in the 8ig Creek drainage, July 1990.

GOAT BURN DOE 50 YR BURN
Absolute Relative (%) Absolute Relative (%)
taxa MEAN SO taxa MEAN SO
Ostracoda 463.1 425.6 26.1 Ostracoda 1218.5 691.2 31.0
Heter{imnius sp. 303.0 280.7 17.1 Heter{imnius sp. 819.5 527.8 20.9
Chironomidae 143.0 137.0 8.1 Suwallia sp. 411.9 189.8 10.5
Simulium pupae 106.7 193.4 6.0 Chironomidae 283.8 292.1 7.2
Oligochaeta 91.8 52.1 5.2 Cinygmula sp. 136.6 110.2 3.5
Zapada cinctipes 89.6 78.6 5.0 Oligochaeta 106.7 124.2 2.7
Suwatlia sp. 76.8 72.1 6.3 Simutium 102.4 84.6 2.6
Ceratopogonidae 55.5 118.2 3.1 Rhyacophila vespula 96.0 79.5 2.4
Hydracarina 491 38.9 2.8 Hydracarina 79.0 55.8 2.0
Baetis bicaudatus 44.8 66.8 2.5 Yoroperia brevis 76.7 42.7 1.9
DUNCE 3URN WF CAVE REFERENCE
Absolute Relative (%) Absotute Relative (%)
taxa MEAN SD taxa MEAN ]
Yoroperta brevis 79.0 389.0 13.4 Ostracoda 1568.5 685.9 27.0
Ceratopogonidae 72.6 144.6 12.3 Heterlimnius sp. 1124.6 699.0 19.3
Heterlimnius sp. 68.3 84.6 11.6 Chironomicae 917.6 1187.6 15.8
Narpus sp. 57.6 101.7 9.7 Yoroperia brevis 757.6 293.5 13.0
lapada cinctipes 57.6 99.7 9.7 Otigochaeta 262.5 318.8 4.5
Chironomidae 46.9 [T 7.9 Rhyacophila vespuia 157.9 85.5 2.7
Oligochaeta 42.7 27.2 7.2 Nematoda 134.4 236.4 2.3
Suwallia sp. 36.3 24.6 6.1 Suwallia sp. 119.5 95.2 2.1
Simulium pupae 23.5 20.5 4.0 Paraiteptophlebia sp. 89.6 88.2 1.5
Baetis bicaudatus 19.2 20.5 3.2 Hydracarina 79.0 50.4 1.4
COUGAR BURN MTH CAVE REFERENCE
Absolute Relative (X) Absolute Relative (%)
taxa MEAN SD taxa MEAN SD
Heterlimnius sp. 593.3 382.8 32.1 Oligochaeta 2161.7 642.1 23.2
Baetis bicaudatus 315.8 239.6 171 Heterlimnius sp. 2114.8  1062.2 22.7
Chironomidae 245.4 149.2 13.3 Chironomidae 1449.0 4346 15.6
Heptageni idae 85.4 115.9 4.6 Ostracoda 744.8 759.4 8.0
Suwalltia sp. 72.6 23.1 3.9 Hydracarina 623.1 446.4 8.7
Oligochaeta 70.4 50.9 3.8 Baetis intermedius 537.8 302.0 5.8
Zapada cinctipes 64.0 66.2 3.5 Suwallia sp. 243.3 218.5 2.6
Ostracoda 51.2 37.3 2.8 Isoperia sp. 236.9 129.0 2.5
Hexatoma sp. 49.1 49.2 2.7 Chironomidae pupae 234.7 110.9 2.5
Neophylax sp. 49.1 48.7 2.7 Serratella tibialis 106.7 43.3 1.1
CLIFF BURN
Absolute Relative (X)
taxa MEAN SO
Chironomidae 864.3 1274.7 17.8
Baetis bicaudatus 723.4 721.0 14.9
Oligochaeta 706.4 796.3 146.5
Heterlimnius sp. 672.2 369.7 13.8
Suwallia sp.. 326.5 350.1 6.7
Cinygmula sp. 202.7 269.3 4.2
Simutlium 155.8 194.7 3.2
Ostracoda 151.5 46.1 PR
Baetis intermedius 140.8 309.0 2.9
Chironomidae pupae 136.6 108.7 2.8

12
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and being retained within the study area over time.

Macroinvertebrate Community Analysis: The abundance of macroinvertebrates
increased in November 1988 immediat:ly after the fire, then decreased
dramatically in 1989 (Figure 7). Mean abundance increased in 1990, although
mean abundance was still lower than preburn values but similar to values :ound
in Cave Creek in 1990 (see Figure 4). No differences were obgserved in mean
biomass values among sampling dates, and held around 500 mg/m“ throughout the
study (figure 7).

Species richness was higher in November than July 1988 probably reflecting
normal seasonal differences. Howear, species richness remained around 25
taxa for all prefire and post-fire .uly samples (Figure 8). These values also
were similar to those found at both reference sites (Cave Creek) in 1990 (see
Figure 4). Simpson's Index values remained essentially unchanged. although a
slight decrease was observed in July 1990 (Figure 8). Again, a low Simpson's
Index indicates a more even distribution among taxa within an assemblage.

Macroinvertebrate Taxa Analysis: The top ten taxa, by relative abundance,
comprised over 80% of the assemblage in July 1988, 1989, and 1990 (Table 5).
Seven of these ten taxa were found on all sample dates: Alloperla, Baetis,
Chironomidae, Cinygmula, Heterlimnius, Oligochaeta, and Ostracoda. Baetis,
Chironomidae, and Heter:imnius increased in absolute and relative abundance
from 1988 through 1990, whereas the relative abundance of Cinygmula, and
"ligochaeta decreased. The absolute and relative abundances of Alloperla and
Ostracoda remained unchanged among sampling dates (Table 5). Glossosoma
comprised about 10% of the fauna in 1989, while being rare in both 1988 and
1990. Because Glossosoma is a scraper grazer, these results suggest that
chlorophyll a values may have been lower in 1989 than in the two adjacent
years (see Figure 5). Simulium was observed in the top ten taxa for 1988 and
1990, but was rare in 1989. A total of 95 taxa were identified from Cliff
Creek, with their abundance and biomass found in Table 6.

Mortar Creek Study - 1990

Physical and Chemical Characteristics: Five sites from the Mortar Creek Fire
study were analyzed to compare changes between 1980 and 1990: Teapot, EF
Indian, Pungo, Little, and Little Loon Creeks. The watersheds of Little and
L. Loon Creeks were burned in 1979 (Mortar Creek Fire), while those of Teapot,
EF Indian, and Pungo Creeks burned in 1988 (Battle Axe Fire). The former
streams were not impacted in the Battle Axe Fire, while the latter streams
were not impacted in the Mortar Creek Fire,

No major changes occurred in alkalinity levels between 1980 and 1990 for
any stream, although total hardness increased by about 20 mg/L CaCO5 (Table
7). Alkalinity and total hardness generally were low, being less than 70 mg/L
CaCO4 for alkalinity and less than 80 mg/L CaCoy for total hardness.

Channel profiles were compared for 1987 and 1990 for all sites except L.

Loon Creek where the 1984 profile was used in place of 1987 because of
transect misplacement from 1985-1987. Profiles are displayed in a downstream

15
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Table 6.

Absoiute adundence and biomess of individusl taxa for Cliff Creek in July 1988, July 1989, and July 1990.

ABUNDANCE (#/m2)

BIOMASS (mg/m2)

PREDATORS
Ceratopogonides
Chelifera sp.
Chioropertidse
Dispriidse
Dicronota sp.
Doroneurtia sp.
Empididse
Glutops sp.
Hydracarina
Hydracsrina sp. 2
Isopertia so.
Limnophila sp.
i inae

. noniinae pupee
Megarcys sp.
Nematoda
Oreogeton s-
Pertocicae
Plecopte~n
Rhyscophila sp.
angelits
bifila

rotunda

vaccua

vagrita
vespula

Sterus sp.
Suweilia sp.
Tipul ides
Coleopters arvae
Dipters sduit
Turbellarias

GATHERERS
Ameletus sp.
velox
ABpLmixis sp.
Antochs sp.
Apatsnia sp.
Capniides
Col lembols
Ecclisiomyie sp.
Ephemereila sp.
Hemerodroate sp.
Hetert imnius ep.
Heteriimnius sdult
Noselyans sp.

Paraleptophlebie sp.

Pericome #p.
Polycentropus sp.

Rhyscophile acropedes

Serrateils tibislis
Stratiomyidee

1988
nean std
5.2 S3.7

2.1 6.5
2.1 6.7
1.1 3.4
10.7 10.1
7.7 178
275.3 433.2
5.6 81.0
9.4 112.4
8.0 82.5
.7 351.5
0.5 65.2
4.3 9.0
5.3 10.4
4.5 7.5
36.3 34.2
5.3 9.1
1.1 3.4
17.1  54.0
387.3 410.7
10.7 16.2

141.9 219.5

434.3 1347.1
1.6 67.8
2.7 T0.6

2.7

2.0

~NoN
P
-~ ~

1.3
16.0
4.0
1.3
26h.1

5.3

6.7
4.0

6.7
1.3
13.3
1.3
410.0

8.0
4.0
49.3

1.3

1989
std
37.0

18.7

4.9
7.5

b
w o wn
o e s
o O W

3.7

3.8
19.8
1n.3

3.8

157.8

11.4

18.9
7.9

1.7
3.8
'..8
3.8
282.0

1.0
7.9

63.5

1990

nean std
4.3 9.5
38.4 35.9
.8 100.2
6.4 9.5
51.2 48.8
12.8 17.5
2. 4.8
2.1 8
121.6 216.5
4.1 33.2
2.1 4.8
6.4 9.5
7.1 20.8
7.7 3.2
326.5 350.1
4.3 5.8
2.1 6.8
2.1 4.8
6.6 143
2.1 4.8
4.3 9.5
6.2 3.7
12.8 28.6
3.5 3.1

1988
asan std
6.4 s.8
0.1 0.2
0.0 0.1
0.0 0.1
0.5 0.8
15.6 13.8
1.1 2.9
0.3 0.8
3.0 4.8
2.6 4.6
50.7 50.6
1“4 3.1
0.4 0.8
19.2 4.5
0.0 0.1
0.8 1.8
0.3 0.6
6.0 0.1
0.1 0.
4.3 26.3
2.6 3.6
3.2 4.8
R.6 70.2
8.4 32,8
14,5 24.6

1989

mesn std
3.2 4.2
0.1 0.4
1.1 1.3
- .b
0.8 0.7
0.3 0.5
0.7 2.0
23.5  38.2
0.5 0.4
0.1 0.2
2.9 3.8
0.6 1.7
0.7 1.1
1.5 [
0.7 1.8
48.9 30.4
2.8 5.8
0.6 1.8
0.9 2.3
0.1 0.2
1.1 3.2
1.2 ‘.6
0.1 5.2
32.0 7.0
0.7 1.3
0.3 0.8
39.0 40.1
0.5 1.4

1990
neen std
0.2 0.4
3.1 3.6
1.2 2.6
12.0 18.5
1.1 1.2
0.4 0.4
0.1 0.3
6.1 9.2
1.3 1.7
8.3 7.9
0.2 0.4
39.1 %6.0
0.5 9.5
1.6 1.6
17.9 8.7
0.3 0.4
0.2 0.4
0.3 0.7
0.3 9.7
0.0 8.1
0.1 0.2
.S .7
0.1 0.2
8.6 9.4



Tabie 6. (cont.)

ABUNDANCE (#/m2)

Trichoptera
adult
pupae

SCRAPERS
Baetis bicaudatus
Baetis intermedius
Cinygmuta sp.
Druneila sp.
colordensis
dodds i
flavilinea
spinifera
Epeorus
deceptivus
grandis
L ongimanus
Gastropoda
Glossosoma sp.
Glossosomatidae
Heptageniidae
Neophylax sp.
Ephemerella hystrix
Rhithrogena sp.

SHREDDERS

Capnia sp.

Clostoeca sp.
Ephemerella infrequens
Lara sp.

Micrasema sp.

Tipuia sp.

Yoroperia brevis

Zapada sp.

FILTERERS
Arctopsyche sp.
Brachycentrus sp.
Dolophilodes
Oligoplectrum
Ostracoda
Parapsyche elsis
Simul ium

Prosimul ium

MINERS
Chironomidae
pupae
adult
Lumbriculus sp.
Oligochaeta

OTHERS

Amph i poda

Hymenoptera Diapriidae
Pseudoscorpion

Tadpole

Other terrestriais

mean

312.

617.

109.

12.

14

108.

273.

284.

353.
7.

18.
2116.

*® - 0 ®

wWw N =
O - -

2
5

1
9

1988

std

457.

334.

104.

228.

4.

57.

28.
18.

223.

7.

476.
13.

25.
2619.

O rm

w o~

mean

334.8

229.4

52.0

89.4

328.1

48.0

~N
O NW NNWOoO

132.

65.4

189.
22.
20.

w oSN s

448.1

290.8

1989
std

269.3

104.5

53.9

182.3

291.9

50.7

~NO - wn®O

102.5
26.4
27.6
15.1

385.1

292.0

723.4
140.8
202.7

wn
—_
~n

21.3
117.4

4
151.5
1
8

155.

864.3
136.6
12.8

706.4

~n o~
Lo

17.1

721.0
309.0
249.3

4.8
4.8
4.8
4.8
4.8
4.8
131
36.2
14.3

18.5
170.4

14.3

9.5
46.1
4.8
194.7

1276.7
108.7
13.9
796.3

17.9
4.8

16.2

57.

60.

33.

130.

o = W

~

176.

h N

12.

6.6

7.0
0.3

95.5
49.2

412.2
5.2

1989
mean std
13.0 1.3

5.6 2.7
9.5 1.3
30.1 67.4
28.5 25.6
1.8 3.9
23.3  20.7
0.4 0.8
18.9 44,2
0.3 0.9
0.5 1.6
168.4 311.0
8.0 17.3
164.3  21.8
170.5 245.8
2.2 1.6
170.4 274.3
2.0 3.3
0.4 1.0
148.9 392.6
22.7 22.7

1990
mean std
37.8  26.1
20.6 45.6
33.9  41.2
16.0 35.7
22.1 23.7

6.8 15.2
10.4 23.2
13.5  30.2

1.0 2.2

0.1 3.2

0.9 2.

1.8 4.0

0.7 1.1
13.1 11.6

3.8 8.5

5.7 5.7

4.7 7.1

0.4 0.8

2.6 3.9

3.4 1.7
78.5 175.6
17.64 203
20.5 22.8

4.4 3.3

0.5 0.7
32.9 50.0

0.1 0.1

0.9 2.1

8.6 16.4
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Table 7 . Alkalinity and hardness of streams in the Mortar Creek
drainage for July 1980 and July 1990.

Alkalinity Total Hardness

STREAM (mc 'L CaCo3) (mg/L Caco3)

1980 1990 1980 1390
T=APOT CK. 193 365 288 aa.s
EAST FORK INDIAN CK. 44.2 47.6 31.7 52.5
PUNGO CK. 52.8 53.9 41.4 57.7
LITTLE CK. 69.2 76.6 54.1 78.5
MOUTH LITTLE LOON 55.8 57.4 37.4 52.9
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perspective (Figure 9). Teapot Creek downcut 0.5 m with a large boulder
sliding into the channel from the right bank (Figure 9). Little Creek
displayed cutting of the left bank from 1987 to 1990 by about 0.5 meters.
Pungo Creek remained essentially unchanged between 1987 and 1990. EF Indian
Creek displayed major right bank cutting of about 2.5 meters, and an increase
in channel depth from 1987 to 1990. The channel profiles at L. Loon indicated
channel filling from 1984 to 1990, perhaps in response to fine sediment input
from upstream channel erosion (Figure 9).

Periphytic and Benthic Organic Matter: Periphyton chlorophyll a and AFDM
was compared from 1979 through 1990 for the five streams (Figure 10, 11). all
sites displayed a peak in AFDM in 1987, while Teapot Creek displayed a peak in
chlorophyll a that was 4-10X higher in 1988 than any other year studied.
Little Creek displayed a peak in chlorophyll a in 1983, four years after the
Mortar Creek fire (Figure 10). Pungo Creek chlorophyll a levels remained
essentially unchanged throughout the 10 years of study and this probably is
due to the full canopy that is still present after the 1988 fire. EF Indian
Creek displayed a small chlorophyll a peak in 1990 perhaps in response to a
more open canopy resulting from the 1988 fire. The 1988 fire appeared to be
more intense at Teapot than Pungo or EF Indian Creeks. Indeed. the riparian
vegetation was unburned at the Pungo study site and minimally burned at EF
Indian study site. Chlorophyll a peaked from 1982 through 1984 in L. Loon,
with a major peak in 1984 (Figure 10). This increase in chlorophyll a may be
a response to the 1979 fire.

Periphyton AFDM displayed a substantial peak, similar to chlorophyll, in
1987 and 1988 in Teapot Creek (Figure 11). Little Creek displayed a slight
increase in AFDM in 1987 that was not present in the chlorophyll data, and
showed a peak similar to chlorophyll in 1982 and 1983. Pungo Creek showed an
increase in periphyton AFDM in 1987. Periphyton AFDM increased in 1987 and
again in 1990 in EF Indian (Figure 11). This pattern was not observed for
chlorophyll, although a slight increase in chlorophyll was present in 1990 in
EF Indian. L. Loon Creek displayed similar increases in AFDM as in
chlorophyll from 1982 through 1984, although L. Loon also displayed an AFDM
peak in 1987 as did the other study streams (Figure 11).

Benthic organic matter was characterized and compared for 1980, 1988, and
1990. Teapot Creek had similar quantities of BOM in 1980 and 1988, then the
quantity of BOM increased substantially in 1990 (by about 6X) relative to 1988
values (Table 8). The % charcoal of BOM also increased from 10% in 1988 to
19% in 1990, probably in response to the 1988 fire. Similar levels of BOM
were found among years in EF Indian, with no differences indicated in the %
charcoal of the BOM. Pungo Creek displayed trends similar to those of EF
Indian for BOM and % charcoal (Table 8). The % charcoal decreased in Little
Creek from 82% in 1980, as a response to the 1979 fire, to less than 10%
charcoal in 1988 and 1990. However, no apparent differences were found in the
quantity of BOM among years in Little Creek. The quantity of BOM was reduced
by half in L. Loon Creek from 1980 to 1988, with similar values observed in
1988 and 1990. No trends were observed in the % charcoal of BOM among years
in L. Loon Creek (Table 8).

Macroinvertebrate Analysis: Macroinvertebrates were analyzed for 1980, 1987,
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1988, 1989, and 1990 in terms of mean abundance, mean biomass, species
richness, and Shannon Diversity (H'). All sites displaved low abundances in
1980 (Figure 12). Abundance increased substantially from 1988 to 1989-90 in
Teapot and Pungo Creeks, although little difference was observed between 1989
and 1990 (Figure 12). Macroinvertebrate abundance and biomass was low in 1989
compared to 1987, 1988 and 1990 values in EF Indian. Abundance was high in
Little Creek for years 1987-1990 over values found in 1980. Abundance
increased substantially in 1988-1990 in L. Loon compared zo values in 1980 and
1987. The trends for biomass were similar to abundcace :or Teapot, Litt.e and
L. Loon Creeks, although being more pronounced in L. Loon. Pungo Creek
displayed low biomass values in 1987 and 1988.

Species richness was greater in 1987 to 1990 compared to values in 1980
for all sites, although Little and L. Loon Creeks showed the most dramatic
increase (Figure 12). EF Indian was the only site affected by the Battle Axe
Fire that displayed a decrease in species richness in 1989. Shannon diversity
was the same from 1987 to 1989 in Pungo Creek, then increased in 1990 to
values found ir 1980. Similar trends were apparent for species richness and
Shannon diversi:y among years in Little and L. Loon Creeks, with low values
for both in 1980. Apparently, Little and L. Loon Creeks were impacted highly
by the Mortar Creek Fire. No major trends were observed in Shannon diversity
(H'") in streams affected by the Battle Axe Fire of 1988, whereas H' tended to
decrease in Little and L. Loon Creeks in this same period.

However, H' was higher, as was species richness, from 1988-1990
over values found in 1980 ana 1987 in Teapot Creek suggesting a
positive impact from fire.

DISCUSSION and CONCLUSIONS

Big Creek Study: Periphytic chlorophyll a and organic matter tended to be
greater in reference sites than burn sites, whereas benthic organic matter was
higher in burn sites than in reference sites. Charcoal comprised a
substantial portion of the BOM in burn sites relative to reference sites.
Benthic macroinvertebrates displayed greater abundance and biomass in
reference sites compared to burn sites indicating an initial impact from
wildfire to these stream systems. Macroinvertebrate species richness - as
reduced in burn streams, while the evenness among taxa was not different among
burn and reference streams. The 50-year burn stream, Doe Creek, appea ad more
similar to reference sites than to b''rn sites for the parameters measured.
Subtle differences in the ten most apundant taxa indicated a shift to more
disturbance resistant species in the burn streams. For example, the highly
mobile mayfly, Baetis, was relatively more abundant in burn streams than
reference streams. Doe Creek displayed greater similarities in taxa relative
abundance to reference streams than to burn streams.

These data suggest that the Golden Fire has had an initial impact on
streams by changirs the food resource base and altering the species
composition among streams. The greater abundances of Simulium suggest higher
levels or enhanced quality of seston (transported organic matter) in burn
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streams and Doe Creek compared to reference streams. The reduction in
macroinvertebrate abundance and biomass in burn streams is attributed to
physical processes because evenness values (Simpson's Index) were similar and
relatively low among sites. Low Simpson's values suggest minimal influence by
density dependent factors in controlling community structure, i.e. all spe-ies
were impacted similarly. This conclusion is substantiated even in respec o

Baetis. Baetis relative abundances were higher in burn streams, but absc te
abundances were substantially lower. Further, the impact by wildfire di* =red
among streams. At this point it is not clear if this is due to the inhe_ ent

heterogeneity among streams or to differences in such things as stream size,
fire intensity, or fire extent. We intend to address these points in future
work in the region. Our results for Goat Creek are particularly puzzling for,
although the values for macroinvertebrate abundance, biomass, and richness
were comparable to other burn streams, those for BOM and % charcoal and
periphytic chlorcpnyll and AFDM were exceptionally high. We have been told
that Goat Creek was "back burned" (H & J Akenson, personal communication) and
we observed that, at least in the lower reaches, this resulted in the burning
of the riparian vegetation but not that of the adjacent side slopes. From
this. we expected that runoff from the watershed would be less rapid and
disturbance of the stream channel less severe than in streams where the whole
watershed burned. The high BOM and periphyton values are in keeping with this
interpretation but it is not supported by the low macroinvertebrate values.

The high similarity between Doe Creek and the reference sites suggest
recovery may be completed in less thea 50 years for that size stream. The
impact of fire on streams reflects the intensity and timing of the disturbance
in relation to stream size and proximity to potential colonists. Severe
impacts by fire in headwater regions of a watershed are likely to markedly
reduce recolonization by downstream drift and thereby impede recovery (e.g.
Wallace 1990).

Future studies in the Frank Church Wilderness should be aimed at (1)
documenting conditions over a wider range of stream sizes and watershed burn
intensities, (2) further replicating (for increased statistical power and a
better definition of mean response conditions) the number of streams of each
type, and (3) examining additional streams in old burns of different age
“classes" in the range 20 to >100 years.

Cliff Creek Study: The Cliff Creek study site was located outside the fire
perimeter. The results indicate no difference in periphytic organic matter
and benthic organic matter between prefire and postfire collection periods,
probably because the extent of shading at the study site has not changed.
However, the percent charcoal continued to increase from 1988 to 1990,
suggesting that charcoal is being transpcrted from upstream burned areas into
the study reach. These data suggest that downstream sites may experience a
lag period in the effect of wildfire as indicated in the temporal increase in
charcoal in Cl!ff Creek. Both macroinvertebrate abundance and biomass were
reduced the yesr following the fire, although no difference was observed in
species richness. No effect ¢ macroinvertebrates was seen in 1990.

A common problem in studying the impact of fire on streams is collecting
prefire data from the same stream to serve as a "control" against which to
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evaluate subsequent responses. The fortuitous collection of prefire data from
Cliff Creek. as a part of another study, enabled us to avoid this problem.

The before and after data from Cliff Creek support our findings on the impact
of fire using reference streams to compare with burn streams. However, in
Cliff Creek, the effects of fire may have been mitigated by the location of
our sampling site outside of the fire perimeter. We intend to examine Cliff
Creek within the fire perimeter and compare the results with data collected
from the present study reach in the coming field season. This will add an
important spatial dimension in the study of wildfire effects on stream
systems.

Mortar Creek Study: Changes that occurred in Teapot, EF Indian, and Pungo
Creeks (Battle Axe Fire-1988) were more variable but somewhat comparable to
changes observed in Little and Little Loon Creeks (Mortar Creek Fire-1979) for
the study period 1987-1990. The variability probably partly reflects
differences of watershed fire extent and intensity. The watersheds of Pungo
and EF Indian Creeks did not appear to have burned as much as the watershed of
Teapot Creek. Indeed, the riparian vegetation was unburned at the study
reaches along Pungo and EF Indian, while being burned intensively at Teapot
Creek. Teapot Creek displayed a dramatic increase in macroinvertebrate
abundance, biomass, richness, and H' probably reflecting the more open canopy.
In addition, postfire runoff after the Battle Axe Fire may not have been as
great as after the Mortar Creek Fire due to the ongoing drought, as evidenced
in the low richness and H' values at Little and L. Loon Creeks in 1980. These
results suggest that the impact of wildfire on stream ecosystems is a function
of fire intensity in relation to present climatic factors.
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Appendix 1. (continued)

DOE
mean

MTH CAVE

COUGAR CLIFF WF CAVE
mean

DUNCE

GOAT
mean

sd

mean  sd mean sd

sd

mean sd mean sd

sd

FFG/SPECIES

40.5 38.8 102.4 .6

115.9

4.7

194.7

155.8

30.2

21.3

Simul ium sp.

16.2

14.9

20.5

23.5

193.4

106.7

ium pupae

l

Simu

MINERS

283.8 292.1

16449.0 434.6

917.6 1187.6

864.3 1274.7
136.6

46.9 444 245.4 149.2

137.0

143.0

Chironomidae sp. 1

74.7 46.5

9

11

234.7

108.7

15.1

10.7

13.9

12.8

Chironomidae sp. 2

10.7

10.7
2161.7 642.1

13.9
706.4 796.3

12.8

Chironomidae adult

Oligochaeta sp. 1

124.2

106.7

262.5 318.8

42.7 27.2 70.4 50.9

52.1

91.8

.6

44.8

Oligochaets sp. 2

1M.7

8.5

oligochaeta adult

OTHERS

17.9

14.9

Arachni

4.8
4.8
10.7

2
2.1
10.7

9.5

6.4

Fish
Homoptera
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4.8
5.8

2.1

4.8
16.2

2.1

17.1

Hymenoptera

21.3

21.3

4.3

1.7

12.8

31.5

19.2

14.3

6.4
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